on behalf of the 'Healthy Growth Study' group BACKGROUND/OBJECTIVE: To record the prevalence of overweight and obesity in primary-school children in relation to perinatal risk factors, parental body mass index and sociodemographics. SUBJECTS/METHODS: A sample of 2294 schoolchildren aged 9-13 years was examined in municipalities from four Greek counties. Weight and height were measured using standard procedures, whereas international thresholds were used for the definition of overweight and obesity. Perinatal and parental data were also recorded via standardized questionnaires. RESULTS: The prevalence of overweight and obesity was 30.5% and 11.6%, respectively, with a higher prevalence of obesity in boys compared with girls (13.7% vs 9.5%, Po0.02). Maternal smoking at pregnancy (odds ratio (OR) 1.37; 95% confidence interval (CI) 1.05-1.98), rapid infant weight gain (OR 1.69; 95% CI 1.20-2.38), paternal and maternal obesity (OR 2.25; 95% CI 1.45-3.48 and OR 2.14; 95% CI 1.28-3.60) were found to significantly increase the odds of children's obesity (apart from overweight), whereas Greek nationality (OR 1.06; 95% CI 1.01-1.39) was found to significantly increase only the odds of children's overweight. Maternal pre-pregnancy obesity (OR 2.15; 95% CI 1.27-3.70) and introduction of solid foods at weaning later than 5 months of life (OR 1.60; 95% CI 1.02-2.51) were also found to increase the likelihood of childhood obesity. On the contrary, children having older fathers (OR 0.55; 95% CI 0.37-0.80) or more educated mothers (OR 0.57; 95% CI 0.36-0.90) were less likely to be obese. CONCLUSIONS: The current study identified certain perinatal factors (that is, maternal pre-pregnancy obesity, maternal smoking at pregnancy, rapid infant weight gain and late introduction of solid foods at weaning) and parental characteristics (that is, younger fathers, Greek nationality, less educated and overweight parents) as important risk factors for children's overweight and obesity, indicating the multifactorial nature of their etiology and the need to extend our understanding beyond positive energy equilibrium.
INTRODUCTION
Several studies have established an association between adult obesity and risk for mortality from chronic disease. 1, 2 At the same time, there is a trend of increasing adult obesity prevalence in most countries, which has positioned obesity as a worldwide epidemic. 3 Regarding children, the trend 4,5 of obesity prevalence has increased significantly, as the number of overweight children and adolescents has doubled and tripled, respectively, since 1970. 6 It has been suggested that childhood obesity usually tracks into adult life, 2, [7] [8] [9] accompanied by an increased risk for several metabolic complications and chronic disease later in life. 10 Among countries facing the consequences of the childhood obesity epidemic, Greece has been systematically reported to have high prevalence of both overweight and obesity. 4, 11, 12 Apart from a clear heritable or familial link to obesity, 13 there are certain environmental factors that seem to interact with genes to increase the odds of the disorder.
14 Increasing evidence highlights the influence of certain early childhood factors on adiposity during childhood; [15] [16] [17] these include maternal smoking during pregnancy, 18 gestational diabetes, 19 size at birth, 20 breast-feeding, 21 and postnatal growth rate. 22 Such factors are considered to provoke physiological and metabolic adaptations of a seemingly permanent nature that can be detrimental to lifelong health and quality of life. Further to early-life predisposing factors, unhealthy eating habits and lack of physical activity have also been identified as key environmental contributors to the childhood obesity epidemic. 23 Children's behavior related to energy balance (energy intake and expenditure) is highly influenced by family lifestyle and physical environmental cues, 24 and it is natural for children growing up in an obesogenic environment to adopt obesogenic behavior. [25] [26] [27] Family socioeconomic and demographic characteristics usually act as moderators of the environment that fosters such obesogenic behavior. Nationality, family income, car or house ownership, house size, parental age and parental educational level are some of the demographic and socioeconomic factors reported to modify children's behavior relative to energy balance, thus affecting the likelihood of childhood obesity.
SUBJECTS AND METHODS Sampling
The 'Healthy Growth Study' was a cross-sectional epidemiological study initiated in May 2007. Approval to conduct the study was granted by the Greek Ministry of National Education and the Ethics Committee of the Harokopio University of Athens. The study population comprised schoolchildren attending the fifth and sixth grades of primary schools located in municipalities within the counties of Attica, Etoloakarnania, Thessaloniki and Iraklion. The sampling of schools was random, multistage and stratified by parental educational level and by the total population of students attending schools within the municipalities. An appropriate number of schools were randomly selected from each of these municipalities, in relation to the population of schoolchildren registered in the fifth and sixth grades, on the basis of data obtained from the Greek Child Institute. All 77 primary schools that were invited to participate in the present study responded positively. More specifically, an extended letter explaining the aims of the present study and a consent form for taking full measurements were provided to all parents or guardians having a child in these schools. Parents who agreed to the participation of their children in the study had to sign the consent form and provide their contact details. Signed parental consent forms were collected for 2655 out of 4145 children (response rate: 64.1%). Complete socioeconomic, demographic, perinatal and anthropometric data were collected for 2294 out of the 2655 children (49.7% boys and 50.3% girls) whose parents had signed the consent forms (participation rate: 86.4%).
Anthropometric measurements-definition of overweight and obesity
Children underwent a physical examination by two trained members of the research team. The protocol and equipment used were the same in all schools. Weight was measured to the nearest 10 g using a Seca digital scale (Seca Alpha, Model 770, Hamburg, Germany). Pupils were weighed without shoes in the minimum clothing possible. Height was measured to the nearest 0.1 cm using a commercial stadiometer (Leicester Height Measure, Invicta Plastics, Oadby, UK) with the pupil standing barefoot, keeping shoulders in a relaxed position, arms hanging freely and head in Frankfurt horizontal plane. Weight and height were used to calculate body mass index. The International Obesity Task Force cut-off points 33 were used to categorize participants as normal weight, overweight or obese.
Family sociodemographic, parental weight status and perinatal data obtained by parents and birth certificates Sociodemographic data, parental weight and height and perinatal data were either reported by the parents or taken from the children's birth certificates and medical records that the parents were instructed to bring along during scheduled interviews. If parents were unable to attend (approximately 5% of the total sample), data were collected via telephone interviews. All interviews were conducted with the use of a standardized questionnaire by members of the research team who had been rigorously trained to minimize the interviewer's effect. The information collected included: (a) parental weight and height, from which body mass index was calculated and used to categorize parents into normal weight, overweight and obese on the basis of the International Obesity Task Force cut-off points; 33 (b) father's and mother's age, which were grouped using tertiles; (c) parental and child nationality; (d) parental years of education, which were stratified into less than 9 years (9 years being the duration of compulsory education in Greece that leads to a Junior High School degree), 9-12 years of education (corresponding to having a High School degree), 12-16 years of education (corresponding to having a College or University degree) and more than 16 years of education (corresponding to having a Master or PhD diploma); (e) family type based on parental marital status (two-parent families, one-parent families); (f) mean annual family income over the past 3 years; (g) mother's current employment status; (h) household size (m 2 per family member); and (l) number of cars owned by the family. Mothers were asked to recall the following perinatal informations: (a) weight before pregnancy and weight gained during pregnancy based on the classification recommended by the Institute of Medicine; 34 (b) smoking during pregnancy; (c) medical history of gestational diabetes mellitus and high blood pressure; (d) age at which she gave birth; (e) type of conception, that is, natural conception or in vitro fertilization; and (f) parity.
The following informations were taken from each child's birth certificate and medical record: (a) type of delivery (normal vs cesarean); (b) birth date-this data was used for the estimation of the exact age of each child; (c) birth weight and gestational age for the classification into small for gestational age (SGA, o10th percentile), appropriate for gestational age (10th-89th percentile) and large for gestational age (LGA, X90th percentile); (d) change in weight-for-length Z-score from birth to 6 months of age for the classification into poor (o À 1 Z-score), average ( À 1 to þ 1 Z-score) and rapid (4 þ 1 Z-score) weight gain during infancy; and (e) feeding pattern from birth to 6 months of age, that is, breast-feeding, use of formula, age at which formula was introduced and solid food introduction.
Dietary energy intake assessment
Dietary intake, data were obtained for two consecutive weekdays and one weekend day using 24-h recalls. Food intake data were analyzed using the Nutritionist V diet analysis software (version 2.1, 1999; First Databank, San Bruno, CA, USA), which was extensively amended to include traditional Greek foods and recipes, as described in Food Composition Tables and Composition of Greek Cooked Food and Dishes. 35 Furthermore, the databank was updated with nutritional information of chemically analyzed commercial food items widely consumed by children in Greece. Daily energy intake was expressed as a percentage of Estimated Energy Requirement. 36 Based on these percentages, children were classified as having energy intake o80%, 80-120% and 4120% of Estimated Energy Requirement.
Physical activity levels assessment
To assess step count as an estimate of physical activity objectively, study participants were provided with and instructed to wear a waist-mounted pedometer (Yamax SW-200 Digiwalker, Tokyo, Japan) for 1 week, that is, from Monday to Sunday. The pedometer was positioned according to the manufacturer's instructions on the right waistband, vertically aligned with the patella. Children were instructed to wear the pedometer from the time they woke up in the morning until the time they went to bed at night (except when taking a shower, bathing or swimming) and were provided with a diary template to record the total number of daily steps displayed by the pedometer before bedtime, at which time they reset the pedometer to zero. The pedometer used in the present study displayed the cumulative number of steps from the time it was worn in the morning until the time it was removed at night, that is, before bedtime.
Statistical analysis
All variables used in the current statistical analysis were categorical. To test the effect of the factors under investigation on being overweight or obese, univariate logistic regression analyses were performed and data were modeled using multivariate logistic regression analyses. The primary outcome variables were 'overweight' and 'obesity'. Multivariate analysis was performed with the variables that were found to be significantly associated with overweight and/or obesity at a univariate level. Crude and adjusted odds ratios (ORs) with 95% confidence intervals (CIs) were computed from the univariate and the multivariate regression analyses, respectively. Statistical significance was set at a ¼ 0.05. The Statistical Package for Social Sciences (SPSS Inc., Chicago, IL, USA), version 16.0, was used for all analyses. Table 1 displays the prevalence of underweight, normal weight, overweight and obesity among the children attending the fifth and sixth grades in the schools under study. Overall, the observed prevalence was 30.5% for overweight and 11.6% for obesity. The prevalence of obesity was significantly higher in male than female children (13.7% vs 9.5%, Po0.02). Table 2 presents the parental, socioeconomic and demographic characteristics of the study population and their univariate associations with overweight and obesity. Regarding parental characteristics, children of overweight parents were significantly more likely to be overweight, compared with children of normalweight parents (OR 1.26 and 1.32 for overweight father and mother, respectively), whereas children of obese parents were significantly more likely to be overweight (OR Table 3 presents the perinatal characteristics of the study population and their univariate associations with childhood overweight and obesity. Children born to mothers that were overweight (1.29; 1.01-1.68) or obese (2.37; 1.43-3.92) before pregnancy, gained weight above the Institute of Medicine recommendations (1.26; 1.01-1.49), were smoking (1.46; 1.14-1.87) and developed hypertension (1.65; 1.12-2.70) during pregnancy were significantly more likely to be overweight compared with children born to mothers with a normal prepregnancy weight status, recommended weight gain, nonsmokers and with normal blood pressure during pregnancy, respectively. Furthermore, children born LGA (1.53; 1.01-2.34), having a rapid weight gain in the first 6 months of infancy (1.46; 1.10-1.90) and those having solid food introduced to their diet after 5 months of age (1.48; 1.01-2.18) were significantly more likely to be obese compared with children born appropriate for gestational age, having an average weight gain and an early (p4 months of age) introduction of solid foods in their diets, respectively. On the other hand, children that were exclusively breast-fed as infants were 0.77 times (0.54-0.98) less likely to be overweight and 0.55 times (0.31-0.99) less likely to be obese compared with nonexclusively breast-fed ones. Table 4 presents the significant adjusted OR and 95% CI derived from multivariate logistic regression analysis, corrected for dietary energy intake and physical activity levels. Maternal smoking during pregnancy (1.37; 1.05-1.98), rapid weight gain in infancy (1.69; 1.20-2.38), paternal obesity (1.25; 1.45-3.48) and maternal overweight (1.97; 1.38-2.82) remained significantly and positively associated with childhood obesity (apart from childhood overweight), whereas Greek nationality (1.06; 1.01-1.39) remained significantly and positively associated only with childhood overweight. Furthermore, maternal pre-pregnancy obesity (2.15; 1.27-3.70) and introduction of solid food after the first 5 months of age (1.60; 1.02-2.51) remained significantly and positively associated with childhood obesity. On the other hand, father's age older than 46 years (0.55; 0.37-0.80) and maternal educational level of 12-16 years (0.57; 0.36-0.90) remained significantly and negatively associated with childhood obesity.
RESULTS

DISCUSSION
The findings of the present study revealed a high prevalence of both overweight and obesity in a population of primary-school children living in municipalities within four counties in Greece. Abbreviation: BMI, body mass index. Cells in boldface indicate statistically significant odds ratios.
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Comparing these findings with those reported for other European countries, 11 there seems to be a geographic variation. In particular, the prevalence of overweight and obesity reported in studies on children living in southern European countries surrounding the Mediterranean, including the present study, ranges between 20 and 42%, being considerably higher than the prevalence rates of 10-20% reported for the northern areas of Europe. 11 The effect of certain socioeconomic and demographic factors, reported by previous studies, [37] [38] [39] [40] on the prevalence of childhood obesity was tested in the present study as well. Among these Obesity risk indices in children M Birbilis et al factors, non-Greek nationality, high parental education and high father's age were found to be negatively associated with childhood obesity. Greek nationals were 35% more likely to be overweight than non-Greek nationals. The vast majority of nonGreek children, whose parents came to Greece as economic immigrants during a period of the economic and political transition in the 1990s, were from Albania (75.6%) and Eastern European countries (that is, Russia, Ukraine, Poland, Serbia and so on; 12.6%). In all of those countries, Lobstein and Frelut 11 reported lower prevalence rates of childhood overweight in comparison with children living in the non-Eastern bloc European countries. The lower prevalence of overweight and obesity also reported in the present study for non-Greek children, having mainly an Eastern European nationality, could be attributed to either a genetic predisposition for lower body mass index compared with Greek children or to cultural differences. To our knowledge, no evidence exists on this topic and, therefore, further research, including the study of certain polymorphisms, is needed to shed light on the etiology of these differences.
The inverse association between parental educational level and obesity found in the present study accords with the findings of other studies. 25, 30, 31, 41 Higher parental education level has been reported to be inversely related to the consumption of energy-dense foods, such as fats, sweets and full-fat meat, whereas being positively related to the intake of fruits, vegetables and wholegrain products. Better educated parents may be more aware of the importance of healthy eating and physical activity and, as a result, may provide more healthy options to their children. 30 ,31,41 Furthermore, higher parental educational level, in most cases, reflects higher socioeconomic status of the family, which has been associated with healthier eating, physical activity and weight-control practices compared with families with lower socioeconomic status. 42 In the present study, there was also an inverse link between father's age and obesity in children. Although we are unaware of other studies showing a similar association, older parents could reflect more conscious practices when it comes to a child's upbringing. 42 Still, further research is probably needed in order to provide a more solid background to this association.
Consistent with recent evidence, 43, 44 the present study has indicated that children having overweight parents had an increased likelihood of being overweight, whereas children of obese parents had an increased likelihood of being overweight or obese. A family history of overweight and/or obesity is an important indicator of the genetic risk for being overweight in childhood. 45, 46 However, besides inheritance of genes that confer susceptibility to obesity, parental overweight is also a proxy for shaping children's eating and activity environment. In most cases, 34 Obesity risk indices in children M Birbilis et al overweight parents create and sustain an 'obesogenic' environment (that is, high energy diets and physical inactivity) not only for themselves but also for their children. 47 Still, the etiology of childhood obesity appears to be far more complex than the environment in which a child grows up. In this context, the present study revealed numerous perinatal factors to be significantly associated with childhood overweight and/or obesity. Specifically, children born LGA were more likely of being obese than children born appropriate for gestational age. In agreement with our findings, several other studies have shown that birth weight is an important risk factor for later adiposity in children. However, there are several studies reporting a 'U'-shaped relationship between birth weight and childhood overweight, thus suggesting a more complex association between fetal size at birth and obesity in later life. 20 Regarding child-feeding practices after birth, the findings of the univariate analysis showed that exclusively breast-fed infants had a reduced risk of overweight and obesity at the age of 9-13 years. However, this association did not remain statistically significant when tested at a multivariate level and is probably in line with evidence, suggesting an inconsistent relationship of breast-feeding with childhood overweight. 21 Moreover, the present study showed that solid food initiation later than 4 months of age was related to increased odds for childhood obesity. Although other studies have reported an increased risk of childhood obesity when solid food is introduced at an earlier age (that is, o3 months), 48, 49 still no clear association between the age of introduction of solid food and childhood obesity has been established. 48, 49 Consistent to the findings of the current study, other recent epidemiological studies have also confirmed a link between maternal smoking during pregnancy and childhood obesity. 18, 50 The underlying mechanism of this association still remains unclear. One explanation could be that maternal smoking in pregnancy is another proxy for factors present in the child's postnatal familial environment, most commonly unfavorable dietary behavior and low physical activity levels. 18, 51 The findings of the present study should be interpreted in the context of its limitations and strengths. Its cross-sectional design represents its main limitation, because it cannot provide causeand-effect relationships. Moreover, parental anthropometric data (that is, weight and height) were self-reported, whereas children's perinatal data were collected retrospectively by asking parents and by using pediatric medical records. Regarding strengths, the Healthy Growth Study was the first large-scale, epidemiological study covering the central, northern, southern and western parts of the Greek territory, thus providing sufficient representativeness. Furthermore, a strength of the present study is that it focuses on the complexity of factors that interact in the etiology of childhood obesity. Although there is enough literature with regards to the effect of perinatal or parental or sociodemographic variables per se on overweight and/or obesity in children, to our knowledge, before the present study, there is only one previous study 42 examining the independent effect of all these variables. Moreover, the present study makes one step further, taking into account the possible confounding effect of energy balance in these associations by also adjusting in the multivariate regression analysis for children's dietary energy intake and physical activity levels.
With the exception of exclusive breast-feeding, gestational weight gain above recommended levels, hypertension during pregnancy and paternal educational level, all other perinatal, parental and sociodemographic factors that were found to be significantly associated with childhood overweight and/or obesity at a univariate level retained their statistical significance at the multivariate regression analysis. This highlights the complexity of factors that interact in the etiology of childhood obesity. Thus, the prevention of childhood overweight and obesity requires intervention initiatives that will adopt a multifactorial approach, taking into consideration early life and current environmental risk factors.
